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(54) Howling detection and prevention circuit and a loudspeaker system employing the same 



(57) A howling detection and prevention circuit 
which receives an output of a microphone (101) as its 
input signal and detects howling therein includes a com- 
puting section (12) which divides frequency of the input 
signal into a plurality of frequency bands on the basis of 
a predetermined sampling period and computes power 
of each of the frequency bands, an identifying section 
(14) which sequentially shifts the frequency band and 
identifies whether howling exists or not in accordance 



with a predetermined condition by employing a value of 
the computed power of each frequency band, and a 
gain adjusting section (13) which, when howling has 
been detected as a result of the identifying, adjusts gain 
of the frequency band in which the howling has been 
detected to prevent the howling. A loudspeaker system 
employing this howling detection and prevention circuit 
is also provided. 
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A loudspeaker system 100 includes a microphone 101 , a microphone amplifier 102 which amplifies an output sig- 
nal of the microphone 101, an analog-to-digital converter 103 which converts the analog output signal of the micro- 
phone amplifier 102 to a digital signal, a howling detection and prevention circuit 1 which receives the digital output of 
the analog-to-digital converter 103 as an input signal, processes this input signal and supplies the result of processing 

5 to a digital-to-analog converter 1 04, a power amplifier 1 05 which amplifies the output signal of the digital-to-analog con- 
verter 104 in accordance with a gain which has been set at a desired value by an operator, and a loudspeaker 106 
which is driven by the output signal of the power amplifier 105. The howling detection and prevention circuit 1 includes 
various circuits such as a microcomputer, a signal processing chip, a memory and a timer. In Fig. 1 , the internal struc- 
ture of the circuit 1 is illustrated by blocks representing respective functions of the circuit 1 . 

10 A digital signal provided from the analog-to-digital converter 1 03 is applied to a band dividing filter section 1 1 of the 
howling detection and prevention circuit 1 . The band dividing filter section 1 1 consists of M (an integer including 2 and 
over) FIR (finite impulse response) bandpass filters or I IR (infinite impulse response) bandpass filters whose center fre- 
quencies are sequentially shifted. The band dividing fitter section 1 1 divides the input signal from the analog-to-digital 
converter 103 into signals of M frequency bands and, after imparting a predetermined gain to these signals, supplies 

is these signals as signals F1, F2 FM to both an each band power computing section 12 and an adding section 13. 

The each band power computing section 12 computes power values P1, P2, PM of the signals F1, F2, FM of 

the respective bands and supplies these power values P1 , P2, PM to a howling identifying section 1 4. The adding 

section 13 adds the signals F1 , F2 FM of the M bands together to obtain the signal of the entire bands and supplies 

the result of the addition to an entire gain control section 15. The howling identifying section 14 identifies the state of 

20 occurrence of howling on the basis the power values P1 , P2 PM of the signals in the respective bands and estab- 
lishes, on the basis of the result of the identifying, a gain of each band which is used in the band dividing filter section 
1 1 and also establishes a gain G for the signal of the entire bands which is used in the entire gain control section 15. 
The entire gain control section 15 multiplies the sum signal of the entire bands with the gain G and supplies the result 
of the computation to the digrtal-to-analog converter 104. By this arrangement, the howling detection and prevention cir- 

25 cuit 1 reduces, on the basis of the result of the identifying as to howling, a gain of a band in which howling has occurred 
or is likely to occur and thereby prevents occurrence of howling. In a case where howling remains unstopped despite 
the set gain for the band has been reduced, the howling can be stopped by reducing the entire gain G. By this arrange- 
ment, howling can be completely prevented even when an excessive gain has been set by the user. 

Referring now to Fig. 2, an example of internal structure of the each band power computing section 12 shown in 

30 Fig. 1 will be described. The circuit block shown in Fig. 2 is a structure for computing a power of one frequency band in 
the each band power computing section 12 and the each band power computing section 12 has M blocks of the same 
construction. Each block for one band of the each band power computing section 12 includes an operation circuit 121 
consisting of a squarer 121a and an adder-subtractor 121b, and an N-tap shift memory 122 having N taps. It is now 
assumed that an input signal X0 (a signal corresponding to any of the signal Fi (i = 1 , 2, M) of Fig. 1) has been sup- 

35 plied with a predetermined sampling period k (k being a desired integer). In this case, the squarer 121a computes 
square value XO 2 of the input signal X0 and supplies the result XO 2 to the adder-subtractor 121b and to each input ter- 
minal of the N-tap shift memory 122. The adder-subtractor 121b adds a computed value P obtained in the preceding 
sampling period k-1 and the square value X0 2 provided by the squarer 121a together and subtracts from the sum of this 
addition a value XN 2 (A) of the last stage of the N-tap shift memory 122 before shifting the memory (i.e., the output of 

40 the N-th tap) thereby to obtain a new computed value P. Then, the N-tap shift memory 122 sequentially shifts stored 
values of N memories and stores, as a value X1 2 (B), result of computation XO 2 of the squarer 121a in the current sam- 
pling period k. Upon repeating the above operation N times, the result P of the computation becomes 

P = (XN 2 + XN-1 2 + + X1 2 ) + X0 2 - XN 2 = XN-1 2 + + X1 2 + X0 2 which is an accumulated value of square 

values of the input signals in the past N samples including the square value NO 2 of the input signal NO at the current 

45 sampling period. As a result, the signal P (a signal corresponding to any of the signal Pi (i = 1 , 2 M) in Fig. 1) which 

is supplied from the adder-subtractor 121b to the howling identifying circuit 14 corresponds to an accumulated value of 
instantaneous power of the N input signals X0. Therefore, by multiplying this signal P with a predetermined constant 
(e.g., a value corresponding to a reciprocal of the sampling number N), a value corresponding to moving averages for 
N samples of the instantaneous power of the input signal X0 can be obtained. 

so Referring now to Figs. 3 and 4, an example of the internal structure of the howling identifying section 14 shown in 

Fig. 1 will be described. Fig. 3 is a diagram showing a circuit block in the howling identifying section 14 for identifying 
whether howling has occurred or not or howling is likely to occur or not. The howling identifying section 14 has, in addi- 
tion to this circuit block, a circuit for selecting an input signal and a circuit for setting gains used in the band dividing filter 
section 1 1 and the entire gain control section 15 on the basis of the result of the identifying. In Fig. 3, input signals Pm, 

55 Pm-1 , Pm+1 , Pm-2 and Pm+2 represent five signals consisting of a power signal Pm of a desired band in the power 
values P1, P2, PM of Fig. 1 and power signals Pm-1, Pm+1, Pm-2 and Pm+2 which are power signals of two adja- 
cent bands on both sides of the power signal Pm. The suffix m is a value which is sequentially shifted from 0 to M. In 
case of m = 0, 1 and m = M - 1 , M, identifying is made on the basis of data on one side only on which data of a corre- 
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of a predetermined samplmg period and computes power of each of the frequencybands 
an identifying section which sequentially shifts the frequency band and identifies whether howling exists or not 
bandrand 3 " 06 ' Predetermined COndition by value °» «npu« PoJrTlSlIi^^ 



BNSDOCID: <EP 0843502A1_I_ 



EP 0 843 502 A1 



a gain adjusting section which, when howling has been detected as a result of the identifying, adjusts gain of 
the frequency band in which the howling has been detected to prevent the howling. 

A howling detection and prevention circuit as defined in claim 1 further comprising an entire gain adjusting section 
which adjusts entire gain of all of the frequency bands in accordance with the result of the identifying by the identi- 
fying section to prevent the howling. 

A howling detection and prevention circuit as defined in claim 1 or 2 wherein said computing section computes 
power of each frequency band by computing moving averages with respect to each of the frequency bands which 
has been provided by frequency division on the basis of the predetermined sampling period. 

A howling detection and prevention circuit as defined in claim 1 or 2 wherein said identifying section identifies pres- 
ence or absence of howling on the basis difference between an absolute value of a power in the frequency band 
under the judgement and a power of the frequency band in the vicinity thereof. 

A loudspeaker system comprising: 

a microphone; 

A howling detection and prevention circuit which receives an output of the microphone as its input signal and 
detects howling therein, said howling detection and prevention circuit comprising a computing section which 
divides frequency of the input signal into a plurality of frequency bands on the basis of a predetermined sam- 
pling period and computes power of each of the frequency bands, an identifying section which sequentially 
shifts the frequency band and identifies whether howling exists or not in accordance with a predetermined con- 
dition by employing value of the computed power of each frequency band, and a gain adjusting section which, 
when howling has been detected as a result of the identifying, adjusts gain of the frequency band in which the 
howling has been detected to prevent the howling; 

an amplifying section which amplifies an output signal of the howling detection and prevention circuit; and 
a loudspeaker which is driven by an output of the amplifying section. 

A howling detection and prevention circuit which receives an output of a microphone as its input signal and detects 
howling therein comprising: 



a computing section; 

an identifying section; and 

a gain adjusting section. 
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